Abstract There is need for dietary diversification which involves the use of commonly available cereals, legumes and other nutritious crops to meet nutritional needs of diabetic patients. Dietary diversification could be used to ameliorate micronutrient deficiencies by modifying the diet to include a greater diversity of nutrient -rich foods. The major aim of this study was to produce and evaluate ready-to-eat breakfast product for diabetics from African yam bean ( Ready-to-eat breakfast products were produced from each blend by toasting at 150°C for 5 min. The products hypoglycemic and hypolipidemic potentials and effects on hematological parameters were evaluated using rat study. The fasting blood glucose (fbg) of the rats were significantly (p< 0.05) reduced after 3 weeks of treatment from 200 to 81.63 mg/dl. Rats fed sample SAUP 5 (45:30:25) had the lowest mean fbg value of 81.63 mg/ml. The cholesterol level of rats fed sample SAUP 5 (945:30:25) was reduced from 3.56 to 2.10 mg/dl, low density lipoprotein from 2.03 to 1.10 mg/dl, triglycerides from 1.03 to 0.63 mg/dl and high density lipoprotein was increased from 0.47 to 0.97 mg/dl. Liver function of rats fed sample SAUP 4 (50:30:20) was reduced from 100 to 23 mg/dl, for Aspartate aminotransferase (AST), 49 to 23 mg/dl for alanine aminotransferase (ALT), and 33 to 19 mg/dl for alkaline phosphatase (ALP), respectively. Conclusion: The formulated ready-to-eat breakfast product was adequate for diabetic patients.
Introduction
Diabetes mellitus is a global health problem and it is on the increase in most part of the world. Though for many years, diabetes has been classified as the disease of affluence because management of the disease is associated with severe complications, which pose severe financial risks for families, member states, and the entire world [1] . However, in many part of sub-saharan Africa among the rural dwellers, there is a marked increase in the population of diabetics and other health problems related with food consumption. Due to these, there is an increased advocacy by world nutrition bodies such as the world health organization (WHO) on the consumption of functional foods. Also, a decrease in the consumption of sugars and foods that promote high glucose responses [2] should be advocated. It is therefore imperative to explore the potentials of lesser known plant, such as African yam bean and unripe plantain in the management of blood glucose among diabetics.
Breakfast cereals are produced by swelling, grinding, rolling or flaking of any cereal. There are two main classes of breakfast cereal, those requiring cooking, common in China, Japan and many African countries and the pre-cooked ready-to-eat cereals, common in Europe and North America [3] . Ready-to-eat breakfast cereals are gradually gaining acceptance in developing countries and replacing those that require cooking due to convenience, nutritional values, improved income and job demand among urban dwellers. Different processes used in the preparation of ready-to-eat cereal include flaking, puffing, shredding and granulation.
In developing countries particularly in sub-saharan Africa, breakfast meals for both adults and infants are made from local staples such as cereals, legumes, roots and tubers (cassava and potatoes) which are energy dense foods. Cereals are known to be deficient in lysine and tryptophan which are essentials for the maintenance of the health of both infants and adults [4] . Consequently, combining cereals with lysine and tryptophan rich legumes like African yam beans, pigeon pea among others in product formulation would complement the amino acid profile of the product. This has been found to be effective in reducing the incidence of malnutrition especially amongst children [5] .
In many developing countries like Nigeria, health challenge like diabetes, characterized by hyperglycemia can also be managed through dietary diversification. Diet prepared to contain carbohydrates with low glycemic index has been proposed as a frontline management plan for diabetes. Foods with high glycemic index are those that are rapidly digested, absorbed and results in marked fluctuation in blood sugar, while low glycemic foods like African yam bean and plantain by virtue of their slow digestion and absorption produce gradual rise in blood sugar level [6] . Carbohydrates quality has therefore become a major issue to food processors because consumers are now selective on the type of carbohydrates to include in their diet. A current trend in nutrition is the consumption of low-carbohydrate diets, high dietary fibre foods, slowly digested food products, as well as increased intake of functional foods. Among the plant foods that meet up these requirement are plantain and African yam bean. Therefore, combining sorghum, African yam bean and unripe plantain to develop a breakfast product could contribute immensely in dietary management of diabetes in developing countries.
Nigeria accounted for 35% of African production of sorghum (Sorghum bicolor L.) in 2007 [7] . In 2013, the production statistic was 6,700.00 Metric tons and yield was 12.182 (hectogram/hectare) [8] . Sorghum is rich in some essential amino acids but low in lysine, but complimenting it with legumes like African yam bean, Bambara nut, groundnut, African yam bean, African breadfruit or pigeon pea will enhance its nutritional value Such supplementation has been widely used in production of weaning food (sorghum/pigeon-pea blends) [9] , biscuits (from blends of millet/pigeon-pea) [10] , and breakfast products (from sorghum/pigeon pea) [11] .
African yam bean (Sphenostylis stenocarpa) is an important legume in Africa, a lesser -known legume of the tropical and sub -tropical areas of the world which has attracted research interest in recent times [12] . African yam bean is rich in protein and high in dietary fibre and these components are required for effective management of diabetes, hypertension and cardiovascular diseases due to its low glycemic index [4] . It produces nutritious pods, highly proteinous seeds and capable of growth in marginal areas where other pulses would not thrive. African yam bean grains contain 21 to 29 % protein, is a good source of fibre, carbohydrates and is also rich in minerals [4] . It has also been reported to be of importance in the management of metabolic disorders like diabetes and hypertension because of its high dietary fibre content. It is eaten, roasted like groundnut or boiled and seasoned with ingredients such as oil, pepper, onions and salt. African yam beans though deficient in sulphur containing amino acid (methionine and cysteine), is high in lysine and so can be utilized as a complementary protein in foods to improve its nutritional quality and have been used in foods such as "Apula" to improve the micronutrient level [13] .
Green plantain (Musa paradisiaca) is a potent source of vitamins A and C, potassium and fibre. FAO [14] reported that over 2.3 million metric tons of plantains are produced in Nigeria annually. Unripe plantain though low in protein and fat, is rich in dietary fibre (8.82%) and resistant starch (16.2 %) which helps to reduce blood sugar level [15] . Plantain has high carbohydrate content (31g/100g) and low fat content (0.4 g/100 g). Plantain provides a better source of vitamin A than most other staples and contains low sodium in dietary terms and hence recommended for low sodium diets [16] . Oh et al. [17] noted that the high starch content (35% on wet basis) of green plantain makes it ideal for plantain flour production. However, due to lack of storage facilities and inappropriate technologies for processing, about 35 to 60 % post-harvest losses have been reported [18] . Considering the health benefits of unripe plantain and African yam bean composite blend in the preparation of breakfast product might not only impact nutritional benefits but also improve the health status of consumers of such product and consequently, increase their utilization. The major aim of this study was to produce and evaluate ready-to-eat breakfast product for diabetics from African yam bean (Sphenostylis sternocarpa), sorghum (Sorghum bicolor L.) and unripe plantain (Musa paradisiaca L.) flour blends.
Materials and Method

Materials Procurement
White sorghum grains (Sorghum bicolor L.), white African yam beans (Sphenostylis sternocarpa) and plantain (Musa parasidiaca L.) were purchased from Ogige main market, Nsukka Local Government area, Enugu state.
Sample Preparation
White variety of sorghum seeds, white variety of African yam bean and unripe plantain were cleaned and sorted to remove stones, dirt, chaff, and other extraneous matters before being used for further processing.
Processing of Sorghum into Flour
Five kilogram (5 kg) of the sorghum grains was prepared by the standard method [11] . The grains were sorted, washed and dried to a constant weight and milled in a hammer mill (Bentall superb model 200 L 090), to obtained flour. The flour was sieved by passing through a 0.5 mm pore-sized sieve, stored in a high density polythelene bags until used for analysis.
Processing of African Yam Bean Flour
The procedure was used to process the African yam bean flour [4] . Five kilograms (5 kg) of cleaned white African yam beans was washed thoroughly with clean tap water and thereafter soaked for 12 hours and dehulled. The beans was dried in a hot air oven (60 ± 2°C for 10 h), and milled using an attrition mill. The flour obtained was sieved using 0.5 mm mesh sieve, packaged in high density polyethylene bags and stored until used.
Preparation of Plantain Flour
The method was used to prepare the plantain flour [4] . Mature unripe plantain fruits were washed to remove adhering soil particles, peeled, sliced into thin slices of about 2 mm thickness, steam blanched (10 seconds at 80°C) and dried (Gallenkamp S/No 90/20/190, U.K) at 50 ± 5°C for 24 h. The dried plantain slices were milled into flour using a hammer mill (Bentall Superb, Model 200L 09) and sieved through 500 μm sieve. The flour was then packaged in high density polyethylene bag for further use and analysis.
Product Formulation
Composite flour was produced by blending sorghum, African yam bean flour and unripe plantain flour in different ratios as shown below in Table 1 . The blends were mixed, conditioned and steamed for 10 minutes. The steamed product was allowed to age at 4°C for 24 hours, sliced by using knife to a flat thin size, and toasted in an oven at 150 ± 2°C for 5 minutes, cooled and packaged in high density polythene bag to maintain crispiness and designated as product breakfast cereals [4] as shown in Figure 1 . 
Bioassay Experiment
The bioassay was carried out using sixty three (63) male albino rats of three months old, weighing 100 -120 g. The rats were induced with diabetes by injecting them with 1 % solution of Alloxan injection (120 mg/kg body weight) intraperitoneally (IP). Diabetic state was confirmed after two days and only rats with glucose concentration above 200 mg/dl were considered diabetic. The rats were divided into eight groups (seven per group) and fed the diets as shown in Table 2 . The study was done for three weeks excluding seven days of acclimatization. The animals were fasted overnight before withdrawal of the blood samples for analysis.
Body Weight Measurement
Body weight of the rats was measured using the kitchen balance every seven days. Weight gain was determine as difference between the initial body weight and final body weight.
Determination of Blood Glucose
The glucometer and acucheck test strip (Life scan. Inc. Johnson-Johnson Company, multiplier California, and USA) were used and operated as described in the operation manual attached to it. A drop of the blood (0.04 ml) was placed on the strip connected to the glucometer. The glucometer automatically displays concentration of the blood glucose.
Determination of lipid profile
Total cholesterol was determined by the method [19] using the Randox assay kit. The cholesterol esters in the serum were hydrolysed by cholesterol esterase into cholesterol and fatty acids. The cholesterol was oxidized using cholesterol oxidase to form cholestanone and hydrogen peroxide. The hydrogen peroxide was later hydrolysed by peroxidase to form water and Oxygen. The oxygen then reacts with 4-aminoantipyrene which is the chromogen to form quinoneimine. The samples were mixed and incubated for 10 min in a water bath at 37°C. The colour produced was read colorimetrically at 540nm. Serum total cholesterol (TC) concentration was calculated thus: absorbance of sample . absorbance of standard Total cholesterol concentration of standard = ×
Determination of Low Density Lipoprotein (LDL)
The quantitative determination of LDL was carried out using Randox assay kit. The LDL was determined as the difference between total cholesterol and the cholesterol content of the supernatant after precipitation of LDL fraction by polyvinyl sulphate (PVS) in the presence of polyethyleneglycol monomethylether. The LDL was calculated thus: 
Determination of High Density Lipoprotein (HDL)
The quantitative determination of LDL was carried out using Randox assay kit. Determination was by precipitating LDL from the serum by action of the polysaccharide in the presence of divalent cation. The high density lipoprotein cholesterol (HDL) present in the supernatant was determined spectrophotometrically at 500nm.
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Determination of Triglycerides (TG)
The quantitative determination of triglyceride of the blood serum was done using Randox assay kit. The triglyceride was measured after enzymatic hydrolysis with lipase. The intensity of indicator (quinonemine), which was formed from hydrogen peroxide, 4-aminophenazone and 4-chlorophenol under catalytic influence of peroxidase, was determined spectrophotometrically (Jenway, JY/6705AP USA) at 500 nm. The concentration of triglyceride was calculated thus: The determination of in-vitro quantitative aspartate aminotransferases (AST) in serum was measured using Randox aspartate aminotransferases kits (Randox laboratories limited UK). A 0.1 ml volume of blood serum was mixed with 1 ml of substrate and incubated at 37 o C for 60 min. The mixture was added to 1 ml of 1, 4-Dinitrophenol hydrazine (chromogen) and allowed to stand for 20 min. After standing for 20 min, 5mls of 0.4N NaOH was added and the solution was allowed to stand for 5 min before absorbance was taken at 540 nm against the standard blank.
Determination of Alanine Aminotransferases (ALT)
The determination of in-vitro quantitatitive alanine aminotransferases (ALT) in serum was measured by monitoring the concentration of pyruvate produced by transmination reaction between L-alanine and ketoglutarate hydrazine formed with 2, 4-dinitrophenylhydrazine using randox alanine aminotransferases assay kit. The absorbance was read at 546 nm and ALT activity was calculated with the following expression B x sample dilution factor Time x Sample volume ALT activity = Where B = amount of pyruvate generated.
Determination of Alkaline Phosphatase (ALP)
The determination of in-vitro quantitative alkaline phosphatase (ALP) in the serum was measured by colorimetric method using Randox alkaline phosphatase assay kit. The P-nitrophynylphosphate was hydrolysed in the presence of ALP to form phosphate and P-nitrophenol. Colorimetric method was used to estimate the concentration of ALP after calibrating with water and absorbance was read at 405 nm after 3 min. The concentration of ALP was calculated with the expression ( )
Experimental Design and Data Analysis
The results were laid out in completely randomized design. Data were subjected to one way analysis of variance (ANOVA) using the statistical package for social sciences (SPSS) and means were separated using Duncan's new multiple range test. Differences between means were accepted at p<0.05 [20] .
Results and Discussion
Effect of the Breakfast Products on
Weight Gain of the Rats Table 3 shows the mean weight of the experimental rats fed the formulated breakfast product. The weight of the animals ranged from 84 -109 g across the group. There were significant (p< 0.05) difference in the body weight of the rats fed the formulated diet. A significant (p< 0.05) decrease in the body weight of the rats was observed after induction with alloxan.
The entire group showed reduction in weight in the second week and subsequent increase on the third and fourth weeks. The reduction could be attributed to reduced feed intake since the animals were diabetic and therefore suffered from degradation of muscle and structural proteins which are typical of diabetic symptoms. The loss in body weight of the diabetic animals agreed with the findings of other researchers [21] who observed similar effect on diabetic animals induced with streptozotocin. This reduction could also be linked to degradation of structural proteins and muscle wasting.
There were decreased body weights of the rats fed the SORG formulation, because the group (SORG) was not able to recover in weight until the end of the experiment, while groups (SAUP) fed the formulated diet had 3% -5% increase in body weight.
The overall increase in body weight of rats fed the formulated diet could be attributed to the composition of the products made up of carbohydrates and protein, and that the product did not induce anorexia (loss of appetite), an effect that could have resulted to loss of body weight. The result obtained from this study is in contrast with the result reported by Okogu [22] , where there was loss in weight of the rats after being fed with a cereal legume breakfast from hungry rice, maize and African yam bean.
Effect of the Breakfast Products on Blood
Glucose of the Rats Table 4 shows the result of the fasting blood glucose of the rats. The fasting blood glucose level of the rats before
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induction ranged from 111 to 148 mg/ml. After alloxan induction the fasting blood sugar of diabetic rats ranged from 85 mg/ml to 254 mg/ml. There was a significant (p < 0.05) increase in the fasting blood glucose of all the rat groups induced with alloxan. After 21 days of feeding, the fasting blood glucose reduced significantly (p<0.05) in the diabetic treated groups while the blood glucose increased significantly in the diabetic control group till the end of the study, and significant (p<0.05) decrease in the blood glucose level of rats fed the formulated diet was observed across each week.
Feeding the diabetic fed group with the formulated (SAUP) diet reduced the fasting blood glucose, indicating that the diets exhibited hypoglycemic effect, by promoting regeneration of the cells and protection of the cells from destruction by restricting glucose overload, thereby confirming the report that plantain and African yam bean had the potential of reducing blood glucose. The measurement of blood glucose is the most important biological marker in the diagnosis and monitoring of diabetes mellitus, both in clinical and experimental settings [23] . Alloxan causes diabetes, through its ability to destroy the insulin producing beta cells of the pancreas [24] . Table 5 shows the effect of the intake of the formulated breakfast products on serum lipid profile of the albino diabetic rats. The cholesterol (CHOL) level for samples ranged from 2.20 to 3.56 mmol/L, triaglycerol (TAG) ranged from 0.60 to 1.03 mmol/L. and low density lipoprotein (LDL) level ranged from 1.03 to 2.03 mmol/L.
Effect of the Breakfast Products on the Lipid Profile of the Rats
There were significant (p < 0.05) reductions in the serum cholesterol, tryglycerol and increased HDL in the diabetic treated group than in the diabetic control group. Sample SAUP 4 had more effect on the cholesterol level of the diabetic rat. The decrease in the CHOL value in the rats shows that the diet had positive impact on the lipid metabolism of the diabetic rats [25] . The result agreed with the report of other researchers who reported that plantain and African yam bean have the potentials of combating dyslipidemia which is one of the complications of diabetes [26] .
In diabetic condition, increase in blood glucose is usually accompanied by an increase in plasma cholesterol, triaglycerol, LDL. Rats fed the formulated diet showed increase in HDL while there was a decrease in HDL in the control group. The decreased HDL may be due to destructive breakdown of protein and amino acids that were released and used for glycogenesis. It was observed that HDL has a protective effect against cardiovascular diseases as it removes excess cholesterol from circulation and carries it back to the liver where it is degraded and eliminated out of the body [27] .
Effect of the Breakfast Products on Liver
Function of the RATS Table 6 shows the effect of the formulated breakfast products on the liver function of the alloxan diabetic rats. The alanine aminotransferases (ALT), alkaline phosphatase (ALP), and aspartase aminotransferases (AST) of the rats fed the breakfast product ranged from 15 to 49 u/l, 69.66 to 100.67 u/l and 19.17 to 33.33 u/l, respectively. The diabetic control group had significantly (p < 0.05) high value of 49.00 u/l, 100 u/l, and 33 u/l of AST, ALP, and ALT values, respectively when compared to the normal control and groups fed the formulated products. Sample SAUP 4 showed consistent decrease in AST, ALP and ALT level of the rats followed by SAUP 5 , while there was marked decrease in AST, ALP and ALT in the other formulations as the proportion of plantain flour increased.
An increased AST, ALT and ALP in the serum are indication of hepatocellular damage since ALT is an enzyme that helps metabolize protein but when the liver is damaged, the enzymes are released into the bloodstream, and presence of ASP in the blood stream also signifies a damaged liver [28] . Therefore a decreased AST, ALT and ALP indicates that the breakfast products tend to prevent liver damage by maintaining the integrity of the plasma membrane, thereby suppressing leakage of the enzymes through the membrane, exhibiting hepato protective activity in alloxan induced diabetic rats.
Effect of the breakfast products on
kidney function of the rats Table 7 shows the effect of the formulated breakfast products on the kidney function of the rats. The urea level of the rats ranged from 18.67 to 64.00 mg/dl, while the creatinine level ranged from 1.033 mg/dl to 2.03 mg/dl.
The diabetic control group had higher creatinine (2.04 mg/dl) and urea (64.00 mg/dl) values than groups fed the formulated diet. The high urea and creatinine level observed in diabetic control could probably be due to diminished ability of the kidney to filter urea and creatinine from the body. This elevation could be attributed to the release of these enzymes from the cytoplasm into blood circulation after rupture of the plasma membrane and cellular damage [29] . However, significant (p<0.05) decreases were observed in the serum creatinine and urea levels of the diabetic rats fed with SAUP 3 and SAUP 4. Table 8 shows the hematological indices of the rats fed the formulated breakfast products from sorghum, African yam bean and unripe plantain blend. The packed cell volume of the rats ranged from 36.67 to 45.00 %, the hemoglobin content of the rats ranged from 11.97 to 15.67 g/dl, red blood cell count ranged from 26.00× 10 9 to 39.67 × 10 9 /l and the white blood cell count of the rats ranged from 7.80 × 10 3 to 10.00 × 10 3 mm -3 . The diabetic control group had a lower PCV level, HB, RBC and higher WBC value compared to the normal control and those of the formulated product. A low RBC count is an indication that the body is anemic and therefore more antibodies were needed to be able to respond to the anemic condition thereby resulting in a high WBC.
Effect of the Breakfast Products on Hematological Indices of the Rats
The increased level of WBC in diabetic control group indicates suppression of the immune system suggesting that the diet (rat chow) could not cause any change in boosting the immune system of the control group [30] . The breakfast products were able to increase to an appreciable level the RBC and WBC of the rats suggesting a boost in the immune system probably due to the composition of the diet. Ready to eat breakfast product was formulated from flour blends of sorghum, African yam bean and unripe plantain. Sample SAUP 5 (45:30:25) increased the white blood and red blood cell counts by 3 % and 7 %, respectively. Sample SAUP 5 (containing 45:30:25 ratio of sorghum, African yam bean and unripe plantain), reduced the fasting blood glucose (fbg) level of the diabetic rats from 207.00 mg/ml to 81.00 mg/ml and had the lowest glycemic index (50 %), while SORG (control) had the highest glycemic index of 80 %.
